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SEAT RESTRAINT BUCKLE AND TENSION 
SENSING ASSEMBLY 

TECHNICAL FIELD 

The present invention relates generally to seat restraint 
systems for vehicles and, more particularly, to a seat restraint 
buckle and tension sensing assembly for a seat restraint 
system in a vehicle. 

BACKGROUND OF THE INVENTION 

It is known to provide a seat restraint system such as a seat 
belt in a vehicle to restrain an occupant in a seat of the 
vehicle. In some vehicles, the seat restraint system may be 
a lap belt, a shoulder belt, or both. Typically, the lap belt and 
shoulder belt are connected together at one end. The seat 
restraint system includes a latch plate at the connected end. 
The seat restraint system also includes a buckle connected at 
one end by Webbing or the like to vehicle structure. The 
buckle receives the latch plate to be buckled together. When 
the buckle and latch plate are buckled together, the seat 
restraint system restrains movement of the occupant to help 
protect the occupant during a collision. 

Smart in?atable restraint systems need to knoW What is 
occupying a seat of the vehicle. Decisions on deployment of 
in?atable restraints depend on information supplied by sen 
sors in the seat in determining Weight of an object in the seat. 
When a child seat is placed in the seat and cinched doWn, the 
sensors may read a large mass instead of a child seat. With 
this condition, there Will be high tension in the seat restraint 
system. Comfort studies have shoWn that no human occu 
pant Would Wear their seat restraint that tight. With this 
information on seat restraint tension, the in?atable restraint 
system can decide on deployment of the in?atable restraint. 

Currently, vehicle manufacturers and suppliers have 
developed seat belt tension or sWitch monitoring devices to 
supplement information of the in?atable restraint system. 
HoWever, several vehicles have interior architectures that do 
not lend themselves to mounting the seat belt tension sensor 
on the outboard ?oorpan or seat frame, and the inboard seat 
belt buckle side is a preferred location for the seat belt 
tension sensor for some applications. HoWever, packaging a 
separate seat belt buckle latch and seat belt tension sensor 
presents a cumbersome challenge for interior designers. 

Therefore, it is desirable to sense latching of a buckle for 
a seat restraint of a seat restraint system of a vehicle. It is 
also desirable to sense tension in a seat restraint of a seat 
restraint system of a vehicle. It is further desirable to 
integrate the seat belt buckle, the buckle sensor, and the seat 
belt tension sensor into a single monolithic sensor module to 
simply packaging. Therefore, there is a need in the art for a 
seat restraint and buckle tension sensing assembly that meets 
these desires. 

SUMMARY OF THE INVENTION 

It is, therefore, one object of the present invention to 
provide a seat restraint buckle and tension sensing assembly 
for a seat restraint system of a vehicle. 

It is another object of the present invention to provide a 
seat restraint buckle and tension sensing assembly for sens 
ing latching of and tension in a seat restraint system of a 
vehicle. 

It is yet another object of the present invention to provide 
a seat restraint buckle and tension sensing assembly that 
integrates a seat belt buckle, buckle sensor, and seat belt 
tension sensor into a single monolithic sensor module. 

10 

15 

25 

35 

40 

45 

55 

65 

2 
To achieve the foregoing objects, the present invention is 

a seat restraint buckle and tension sensing assembly for a 
seat restraint system in a vehicle including a buckle assem 
bly having a housing for receiving a portion of a latch plate 
of the seat restraint system. The buckle assembly senses 
latching of the latch plate. The seat restraint buckle and 
tension sensing assembly also includes a tension sensing 
assembly disposed in the housing and cooperating With belt 
Webbing of the seat restraint system for sensing a tension 
level in the seat restraint system. 
One advantage of the present invention is that a seat 

restraint buckle and tension sensing assembly is provided for 
a seat restraint system in a vehicle. Another advantage of the 
present invention is that the seat restraint buckle and tension 
sensing assembly senses tension in the seat restraint system 
to help identify What is occupying the seat, either a child, 
child seat, or loW mass adult. Yet another advantage of the 
present invention is that the seat restraint buckle and tension 
sensing assembly has Wire routing that folloWs industry 
practice and has improved electrical connection. Still 
another advantage of the present invention is that the seat 
restraint buckle and tension sensing assembly is mounted to 
a seat restraint buckle of the seat restraint system and 
provides seat belt latching veri?cation and communication 
With seat belt tension sensing. A further advantage of the 
present invention is that the seat restraint buckle and tension 
sensing assembly integrates the seat belt buckle, the buckle 
sensor, and the seat belt tension sensor into a single mono 
lithic sensor module, thereby simplifying packaging. Yet a 
further advantage of the present invention is that the seat 
restraint buckle and tension sensing assembly combines 
discrete measurement of the seat belt latch positive engage 
ment and the analog measurement of the seat belt tension 
into a compact monolithic integral sensor component. Still 
a further advantage of the present invention is that the seat 
restraint buckle and tension sensing assembly uses Wiring 
interfaces of common supply and ground leads, eliminating 
multiple harnesses and leads. Another advantage of the 
present invention is that the seat restraint buckle and tension 
sensing assembly reduces cost by using feWer Wire leads and 
smaller connectors, and simpli?es Wire routing, installation, 
service, and interior design. 

Other objects, features, and advantages of the present 
invention Will be readily appreciated, as the same becomes 
better understood, after reading the subsequent description 
taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of seat restraint buckle and 
tension sensing assembly, according to the present 
invention, illustrated in operational relationship With a seat 
restraint system of a vehicle. 

FIG. 2 is a fragmentary elevational vieW of the seat 
restraint buckle and tension sensing assembly of FIG. 1 
illustrating a pre-latched condition. 

FIG. 3 is a vieW similar to FIG. 2 illustrating the seat 
restraint buckle and tension sensing assembly in a latched 
condition. 

FIG. 4 is a schematic diagram of a circuit for the seat 
restraint buckle and tension sensing assembly of FIGS. 2 and 
3. 

FIG. 5 is a fragmentary elevational vieW of another 
embodiment, according to the present invention, of the seat 
restraint buckle and tension sensing assembly of FIG. 1 
illustrating a pre-latched condition. 

FIG. 6 is a fragmentary plan vieW of the seat restraint 
buckle and tension sensing assembly of FIG. 5 illustrating a 
pre-latched condition. 
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FIG. 7 is a vieW similar to FIG. 5 illustrating the seat 
restraint buckle and tension sensing assembly in a latched 
condition. 

FIG. 8 is a schematic diagram of a circuit for the seat 
restraint buckle and tension sensing assembly of FIGS. 5 
through 7. 

FIG. 9 is a fragmentary elevational vieW of yet another 
embodiment, according to the present invention, of the seat 
restraint buckle and tension sensing assembly of FIG. 1 
illustrating a pre-latched condition. 

FIG. 10 is a vieW similar to FIG. 9 illustrating the seat 
restraint buckle and tension sensing assembly in a latched 
condition having a loW-tension condition. 

FIG. 11 is a vieW similar to FIG. 9 illustrating the seat 
restraint buckle and tension sensing assembly in a latched 
condition having a high-tension condition. 

FIG. 12 is a fragmentary elevational vieW of still another 
embodiment, according to the present invention, of the seat 
restraint buckle and tension sensing assembly of FIG. 1 
illustrating a pre-latched condition. 

FIG. 13 is a vieW similar to FIG. 12 illustrating the seat 
restraint buckle and tension sensing assembly in a latched 
condition. 

FIG. 14 is a schematic diagram of a circuit for the seat 
restraint buckle and tension sensing assembly of FIGS. 12 
and 13. 

FIG. 15 is a fragmentary elevational vieW of a further 
embodiment, according to the present invention, of the seat 
restraint buckle and tension sensing assembly of FIG. 1 
illustrating a pre-latched condition. 

FIG. 16 is a vieW similar to FIG. 15 illustrating the seat 
restraint buckle and tension sensing assembly in a latched 
condition. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the draWings and in particular FIG. 1, one 
embodiment of a seat restraint buckle and tension sensing 
assembly 10, according to the present invention, is shoWn 
for a seat restraint system, generally indicated at 12, in a 
vehicle (partially shoWn), generally indicated at 14. The 
vehicle 14 includes a vehicle body 16 and a seat 18 mounted 
by suitable means to vehicle structure (not shoWn) such as 
a ?oorpan in an occupant compartment 20 of the vehicle 
body 16. In this embodiment, the seat 18 is a front seat of the 
vehicle 14. It should be appreciated that the seat 18 could be 
a rear, second roW, or third roW seat for the vehicle 14. 

Referring to FIGS. 1 through 3, the vehicle 14 includes 
the seat restraint system 12 for restraining an occupant (not 
shoWn) in the seat 18. The seat restraint system 12 includes 
a latch tongue or plate 22 connected to an end of either one 
of a lap belt, shoulder belt, or both 23 Which have another 
end connected to a retractor (not shoWn). The seat restraint 
system 12 also includes the seat restraint buckle and tension 
sensing assembly 10 connected by suitable means such as 
belt Webbing 24 to vehicle structure. It should be appreciated 
that the latch plate 22 is engageable and disengageable With 
the seat restraint buckle and tension sensing assembly 24. It 
should also be appreciated that, except for the seat restraint 
buckle and tension sensing assembly 10, the seat restraint 
system 12 and vehicle 14 are conventional and knoWn in the 
art. 

Referring to FIGS. 2 and 3, the seat restraint buckle and 
tension sensing assembly 10, according to the present 
invention, includes a buckle assembly 26. The buckle 
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4 
assembly 26 has a housing 28 extending longitudinally. The 
housing 28 has a cavity 30 therein and an aperture 32 
extending therethrough and communicating With the cavity 
30 to alloW belt Webbing 24 to extend therethrough. The 
housing 28 has a forWard open end 34 extending axially 
therein and communicating With the cavity 30 to receive a 
portion of the latch plate 22. The housing 28 is made of a 
rigid material such as metal. 
The buckle assembly 26 also includes a release or push 

button (not shoWn) mounted to the housing 28 for movement 
With respect thereto. The buckle assembly 26 includes a 
movable latching paWl or locking member (not shoWn) 
connected to the housing 28. The locking member moves 
betWeen a latched or buckled position in Which an integral 
dependent lock bar (not shoWn) engages or is disposed in an 
aperture of the latch plate 22 and an unlatched or unbuckled 
position in Which the lock bar is disposed out of or disen 
gages the aperture in the latch plate 22. The buckle assembly 
26 also includes a spring (not shoWn) such as a helical coil 
spring, Which is located betWeen the locking member and 
the housing 28 to urge the lock bar into the latch plate 22. 
The buckle assembly 26 also includes a movable latch 

member 36 disposed in the cavity 30. The latch member 36 
extends longitudinally and has a latch portion 38 disposed 
betWeen the ends thereof. The latch portion 38 is generally 
arcuate in shape for a function to be described. The latch 
member 36 has one end contacting the housing 28 and 
extends upWardly at an angle to the other end. The latch 
member 36 is made of a rigid material such as metal. 

The buckle assembly 26 includes at least one spring 40 
disposed in the cavity 30 of the housing 28 to urge the latch 
member 36 upWardly. The spring 40 is of a leaf type and has 
one end connected to the latch member 36 and the other end 
contacting the housing 28. The spring 40 is made of a spring 
material such as metal. 

The buckle assembly 26 includes a movable slider 42 
disposed in the cavity 30 of the housing 28. The slider 42 is 
generally rectangular in shape and has ?ange portion 44 
extending longitudinally forWard toWard the open end 34 of 
the housing 28. The slider 42 is made of a rigid material such 
as plastic. 
The buckle assembly 26 includes at least one spring 46 

disposed in the cavity 30 to urge the slider 42 forWard to 
engage the latch member 36 for a function to be described. 
The spring 46 is of a coil type. The spring 46 is disposed 
betWeen the slider 42 and a Wall 48 of the housing 28. The 
spring 46 is made of a spring material such as metal. 
The buckle assembly 26 includes at least one magnet 50 

disposed in the cavity 30 of the housing 28. The magnet 50 
is connected to the latch member 36 and disposed on the 
latch portion 38 thereof. The buckle assembly 26 includes at 
least one Hall effect sensor 52 disposed in the cavity 30 of 
the housing 28 and spaced from the magnet 50. The Hall 
effect sensor 52 is of a discrete type. The Hall effect sensor 
52 is located at a top and forWard end of the cavity 30 and 
attached to the housing 28 by suitable means. It should be 
appreciated that the position of the magnet 50 relative to the 
Hall effect sensor 52 changes the output current of the Hall 
effect sensor 52. It should also be appreciated that the Hall 
effect sensor 52 is mounted on a circuit board 54 connected 
to the housing 28 and is potted and connected by electrical 
leads or Wires (not shoWn) to a source of poWer to be 
described in connection With FIG. 4. 
The seat restraint buckle and tension sensing assembly 10 

includes a tension sensing assembly, generally indicated at 
56, disposed Within the cavity 30 of the housing 28. The 
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tension sensing assembly 56 includes a movable actuator 58 
disposed in the cavity 30 of the housing 28 adjacent springs 
66 to be described for cooperating With the springs 66. The 
actuator 58 is generally rectangular in shape and extends 
laterally and longitudinally. The actuator 58 has an aperture 
60 extending therethrough to alloW the belt Webbing 24 to 
extend therethrough. The actuator 58 has a ?rst cavity 62 in 
one longitudinal end and a second cavity 64 in the other 
longitudinal end for a function to be described. The actuator 
58 is made of a rigid material such as plastic. It should be 
appreciated that, as the tension is increased in the belt 
Webbing 24, the contact force of the actuator 58 increases. 

The tension sensing assembly 56 may include a support or 
bearing plate 65 disposed betWeen the actuator 58 and the 
housing 28 and having an aperture 65a extending there 
through to alloW the belt Webbing 24 to extend therethrough. 
The bearing plate 65 is made of a rigid material such as 
plastic. 

The tension sensing assembly 56 includes at least one, 
preferably a plurality of springs 66 disposed in the cavity 30 
of the housing 28 and cooperating With the actuator 58. The 
springs 66 are of a coil type. The springs 66 are spaced 
laterally and cooperate With the actuator 58 and are arranged 
to provide balance to the actuator 58. The springs 66 are 
made of a spring material. The springs 66 are tuned to a 
predetermined force such as for comfort or loW tension in 
the seat restraint system 12. The springs 66 have one end 
disposed in the ?rst cavity 62 and extend longitudinally to 
contact the Wall of the housing 28. The springs 66 may also 
be of a leaf type. It should be appreciated that the springs 66 
are arranged to prevent internal tipping of the actuator 58. It 
should also be appreciated that actuator 58 moves as the 
springs 66 are compressed. 

The tension sensing assembly 56 includes at least one, 
preferably a plurality of magnets 68 disposed in the second 
cavity 64 of the actuator 58. The magnets 68 are spaced 
laterally and connected to the actuator 58 by suitable means. 
It should be appreciated that the magnets 68 are more 
preferably a pair of magnets 68 permanently mounted in the 
spring-tensioned actuator 58. 

The tension sensing assembly 56 includes at least one 
Hall effect sensor 70 disposed in the cavity 30 of the housing 
28 and spaced longitudinally from the magnets 68. The Hall 
effect sensor 70 is of an analog type. It should be appreciated 
that the position of the magnets 68 relative to the Hall effect 
sensor 70 changes the output current of the Hall effect sensor 
70. It also be appreciated that the Hall effect sensor 70 is 
mounted on a circuit board (not shoWn) connected to the 
Wall 48 of the housing 28 and are potted and connected by 
electrical leads or Wires to a source of poWer to be described 
in connection With FIG. 4. 

As illustrated in FIG. 4, an electrical circuit, generally 
indicated at 71, of the seat restraint buckle and tension 
sensing assembly 10 is shoWn. The electrical circuit 71 
includes an electrical poWer supply 72 also knoWn as “Vref”, 
Which is common for the tWo Hall effect sensors 52 and 70. 
The electrical circuit 71 also includes a ground 74, Which is 
common for both Hall effect sensors 52 and 70. The elec 
trical circuit 71 includes a buckle sWitch signal 76 connected 
to the Hall effect sensor 52 and the poWer supply 72 With a 
capacitor 78 therebetWeen. The electrical circuit 71 further 
includes a belt tension sensor signal 80 connected to the Hall 
effect sensor 70 and capacitors 82 interconnecting the belt 
tension sensor signal 80 and the poWer supply 72 and ground 
74. The electrical circuit 71 also includes a diode 84 in 
parallel With the capacitor 82 interconnecting the belt ten 
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6 
sion sensor signal 80 and the ground 74. The electrical 
circuit 71 includes a diode 86 and resistor 88 in series along 
the poWer supply 72 before the Hall effect sensors 52 and 70. 
The electrical circuit 71 further includes a resistor 90 and 
diode 92 in series and in parallel With the capacitor 78 and 
interconnecting the ground 74 and the poWer supply 72. It 
should be appreciated that the Hall effect sensors 52 and 70 
operate independently, but use a common reference voltage 
source or poWer supply 72, thereby simplifying the electrical 
interface. 

In operation of the seat restraint buckle and tension 
sensing assembly 10, When the latch plate 22 is not latched 
With the buckle assembly 24 as illustrated in FIG. 2, no 
signal is transmitted by the Hall effect sensor 52. It should 
be appreciated that the slider 42 is used to hold the latch 
member 36 aWay from the Hall effect sensor 52. It should 
also be appreciated that When the seat restraint system 12 is 
unbuckled, there is no tension present in the belt Webbing 24 
and the springs 66 are fully extended and both magnets 68 
are in close proximity on either side of the analog Hall effect 
sensor 70 in a pull-pull arrangement to economiZe packag 
ing space. 
When the occupant buckles the seat restraint system 12, 

the latch plate 22 is inserted into the open end 34 of the 
housing 28 and pushes the slider 42 longitudinally rearWard 
and out of the Way. The latch member 36 moves up into 
position When it is positively engaged in the slot of the latch 
plate 22. The magnet 50 attached to the latch member 36 
then moves in close proximity to the Hall effect sensor 52, 
causing the output to toggle. It should be appreciated that the 
slider 42 prevents the magnet 50 from toggling the Hall 
effect sensor 52 When the seat belt is unbuckled. 

When buckled, the tension in the belt Webbing 24 may be 
loWer than a predetermined load required to de?ect the 
springs 66 as illustrated in FIG. 3. In this state, the Hall 
effect sensor 70 transmits poWer to the electronics, causing 
a controller (not shoWn) to determine that a normal or large 
mass adult is present in the seat 18. It should be appreciated 
that the seat restraint system 12 is in a loW-tension condition 
as illustrated in FIG. 3. 

When a child seat (not shoWn) is placed in the seat 18 and 
the seat restraint system 12 is buckled, the seat belt Webbing 
24 is cinched to pull the child seat tightly into the seat 18. 
As the tension is increased in the seat belt Webbing 24, the 
contact force on the actuator 58 increases. The resistive 
force of the springs 66 reacts against the increased tension. 
When the tension in the belt Webbing 24 is higher than a 
predetermined load or level, the actuator 58 moves as the 
springs 66 are compressed, thereby moving the magnets 68 
farther aWay from the Hall effect sensor 70 in a pull-pull 
arrangement for a high-tension condition. This changes the 
output of the Hall effect sensor 70, causing the controller to 
determine that a child seat is present in the seat 18. It should 
be appreciated that the output of the analog Hall effect 
sensor 70 is proportional to the tension on the belt Webbing 
24. It should also be appreciated that an audible tone or 
visual indication may be provided When the tension in the 
belt Webbing 24 is increased above a predetermined level. 

Referring to FIGS. 5 through 8, another embodiment, 
according to the present invention, of the seat restraint 
buckle and tension sensing assembly 10 is shoWn. Like parts 
of the seat restraint buckle and tension sensing assembly 10 
have like reference numerals increased by one hundred 
(100). In this embodiment, the seat restraint buckle and 
tension sensing assembly 110 eliminates the discrete Hall 
effect sensor 52, and uses the latch member 136 to move a 
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magnetic shield 200 to be described away from the analog 
Hall effect sensor 170. The seat restraint buckle and tension 
sensing assembly 110 includes the buckle assembly 126 and 
the tension sensing assembly 156. The buckle assembly 126 
includes a rotatable or pivot member 194 pivotally con 
nected to the housing 128 by suitable means such as a pin or 
axle 196. The pivot member 194 has an extension 198 
extending longitudinally. The buckle assembly 126 also 
includes a magnetic shield 200 connected to the extension 
198 to shield the Hall effect sensor 170 in an unbuckled 
position as illustrated in FIG. 5. The magnetic shield 200 is 
made of a metal material, preferably a magnetic shielding 
metal material. It should be appreciated that the elimination 
of the discrete Hall effect sensor 52 simpli?es the electrical 
circuit to a three-Wire interface as illustrated in FIG. 8. 

In operation of the seat restraint buckle and tension 
sensing assembly 110, When the latch plate 22 is not latched 
With the buckle assembly 126 as illustrated in FIGS. 5 and 
6, no signal is transmitted by the Hall effect sensor 170. The 
pivot member 194 is held in place With the spring 146 and 
the magnetic shield 200 is held in place over the Hall effect 
sensor 170. It should be appreciated that the actuator 158 of 
the tension sensing assembly 156 is spring loaded to an 
initial position by the springs 166. 
When the occupant buckles the seat restraint system 12, 

the latch plate 22 is inserted into the open end 134 of the 
housing 128. The pivot member 194 rotates on the axle 196 
and compresses the spring 146, removing the magnetic 
shield 200 and permitting the magnets 168 in the actuator 
158 to exert a magnetic ?eld across the Hall effect sensor 
170 as illustrated in FIG. 7. 

When the occupant buckles the seat restraint system 12, 
the tension in the belt Webbing 24 may be loWer than a 
predetermined load required to de?ect the springs 166. In 
this state, the Hall effect sensor 160 and the magnets 168 are 
disposed next to one another, causing the controller to 
determine that a normal or large mass adult is present in the 
seat 18. It should be appreciated that the seat restraint system 
12 is in a loW-tension condition. 

When a child seat (not shoWn) is placed in the seat 18 and 
the seat restraint system 12 is buckled, the seat belt Webbing 
24 is cinched to pull the child seat tightly into the seat 18. 
As the tension is increased in the seat belt Webbing 24, the 
contact force on the actuator 158 increases. The resistive 
force of the springs 166 reacts against the increased tension. 
When the tension in the belt Webbing 24 is higher than the 
predetermined load, the actuator 158 moves as the springs 
166 are compressed, thereby moving the magnets 168 far 
ther aWay from the Hall effect sensors 170 in a pull-pull 
arrangement for a high tension condition. The relative 
distance betWeen the magnets 168 and the Hall effect sensor 
170 changes the output of the Hall effect sensor 170. 
Changes in the output of the Hall effect sensor 170 result in 
corresponding changes of voltage that is transferred to the 
controller, causing the controller to determine that a child 
seat is present in the seat 18. It should be appreciated that an 
audible tone or visual indication may be provided When the 
tension in the belt Webbing 24 is increased above a prede 
termined level. 

Referring to FIGS. 9 through 11, yet another embodiment, 
according to the present invention, of the seat restraint 
buckle and tension sensing assembly 10 is shoWn. Like parts 
of the seat restraint buckle and tension sensing assembly 10 
have like reference numerals increased by tWo hundred 
(200). In this embodiment, the seat restraint buckle and 
tension sensing assembly 210 uses a moving magnet 250 
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and a moving analog Hall effect sensor 270. The seat 
restraint buckle and tension sensing assembly 210 includes 
the buckle assembly 226 and the tension sensing assembly 
256. The tension sensing assembly 256 includes the Hall 
effect sensor 270 attached to a forWard longitudinal end of 
the actuator 258. It should be appreciated that the electrical 
circuit 271 for the seat restraint and tension sensing assem 
bly 210 is similar to the electrical circuit 171 for the seat 
restraint and tension sensing assembly 110. 

In operation of the seat restraint buckle and tension 
sensing assembly 210, When the latch plate 22 is not latched 
With the buckle assembly 226 as illustrated in FIG. 9, no 
signal is transmitted by the Hall effect sensor 270. The 
magnet 250 attached to the latch member 236 is held aWay 
from the Hall effect sensor 270, causing it to default to the 
loW output. It should be appreciated that the actuator 258 of 
the tension sensing assembly 256 is spring loaded to an 
initial position by the springs 266. 
When the occupant buckles the seat restraint system 12, 

the latch plate 22 is inserted into the open end 234 of the 
housing 228. The latch plate 22 moves the latch member 236 
and the magnet 250 in close proximity to the Hall effect 
sensor 270 to in?uence the Hall effect sensor 270 as illus 
trated in FIG. 10. 

When the occupant buckles the seat restraint system 12, 
the tension in the belt Webbing 24 may be loWer than a 
predetermined load required to de?ect the springs 266. In 
this state, the Hall effect sensor 270 is disposed in close 
proximity to the magnet 250 as illustrated in FIG. 10, 
causing the controller to determine that a normal or large 
mass adult is present in the seat 18. It should be appreciated 
that the seat restraint system 12 is in a loW-tension condition. 

When a child seat (not shoWn) is placed in the seat 18 and 
the seat restraint system 12 is buckled, the seat belt Webbing 
24 is cinched to pull the child seat tightly into the seat 18. 
As the tension is increased in the seat belt Webbing 24, the 
contact force on the actuator 258 increases. The resistive 
force of the springs 266 reacts against the increased tension. 
When the tension in the belt Webbing 24 is higher than the 
predetermined load, the actuator 258 moves as the springs 
266 are compressed, thereby moving the Hall effect sensor 
270 and magnets 268 farther aWay from the magnet 250 in 
a pull-pull arrangement for a high tension condition as 
illustrated in FIG. 11. The relative distance betWeen the 
magnets 268 and the Hall effect sensor 270 changes the 
output of the Hall effect sensor 270. Changes in the output 
of the Hall effect sensor 270 result in corresponding changes 
of voltage that is transferred to the controller, causing the 
controller to determine that a child seat is present in the seat 
18. It should be appreciated that, When the seat restraint 
system 12 is latched, the magnets 250 and 268 are ?xed in 
position and the Hall effect sensor 270 is moved With the 
actuator 258. It should also be appreciated that an audible 
tone or visual indication may be provided When the tension 
in the belt Webbing 24 is increased above a predetermined 
level. 

Referring to FIGS. 12 through 14, still another 
embodiment, according to the present invention, of the seat 
restraint buckle and tension sensing assembly 10 is shoWn. 
Like parts of the seat restraint buckle and tension sensing 
assembly 10 have like reference numerals increased by three 
hundred (300). In this embodiment, the seat restraint buckle 
and tension sensing assembly 310 incorporates an electro 
mechanical sWitch to indicate the status of the seat belt latch. 
The seat restraint buckle and tension sensing assembly 310 
includes the buckle assembly 326 and the tension sensing 
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assembly 356. The buckle assembly 326 includes a switch 
contact 402 connected to the Wall 348 and a plunger 403 
extending longitudinally rearWard from the slider 342 and 
cooperating With the sWitch contact 402. The electrical 
circuit 371 for the seat restraint buckle and tension sensing 
assembly 310 is illustrated in FIG. 14. 

In operation of the seat restraint buckle and tension 
sensing assembly 310, When the latch plate 22 is not latched 
With the buckle assembly 326 as illustrated in FIG. 12, the 
electromechanical sWitch formed by the sWitch contact 402 
and plunger 403 is open and the sWitch load shunts across 
the Hall effect sensor 370, effectively eliminating it from the 
circuit 371 as illustrated in FIGS. 12 and 14. It should be 
appreciated that the slider 342 is used to hold the latch 
member 336 in position. It should be appreciated that When 
the seat restraint system 12 is unbuckled, there is no tension 
present in the belt Webbing 24 and the springs 366 are fully 
extended and both magnets 368 are in close proximity on 
either side of the analog Hall effect sensor 370 in a pull-pull 
arrangement to economiZe packaging space. 
When the occupant buckles the seat restraint system 12, 

the latch plate 22 is inserted into the open end 334 of the 
housing 328 and pushes the slider 342 longitudinally rear 
Ward and out of the Way. The latch member 336 moves doWn 
into position When it is positively engaged in the slot of the 
latch plate 22. The plunger 403 and sWitch contact 402 make 
contact, closing the sWitch to provide poWer to the Hall 
effect sensor 370. 

When buckled, the tension in the belt Webbing 24 may be 
loWer than a predetermined load required to de?ect the 
springs 366. In this state, the Hall effect sensor 370 transmits 
poWer to the electronics, causing a controller (not shoWn) to 
determine that a normal or large mass adult is present in the 
seat 18. It should be appreciated that the seat restraint system 
12 is in a loW-tension condition. 

When a child seat (not shoWn) is placed in the seat 18 and 
the seat restraint system 12 is buckled, the seat belt Webbing 
24 is cinched to pull the child seat tightly into the seat 18. 
As the tension is increased in the seat belt Webbing 24, the 
contact force on the actuator 358 increases. The resistive 
force of the springs 366 reacts against the increased tension. 
When the tension in the belt Webbing 24 is higher than the 
predetermined load, the actuator 358 moves as the springs 
366 are compressed, thereby moving the magnets 368 far 
ther aWay from the Hall effect sensor 370 in a pull-pull 
arrangement for a high tension condition. This changes the 
output of the Hall effect sensor 370, causing the controller 
to determine that a child seat is present in the seat 18. It 
should be appreciated that the output of the analog Hall 
effect sensor 370 is proportional to the tension on the belt 
Webbing 24. It should also be appreciated that an audible 
tone or visual indication may be provided When the tension 
in the belt Webbing 24 is increased above a predetermined 
level. 

Referring to FIGS. 15 and 16, a further embodiment, 
according to the present invention, of the seat restraint 
buckle and tension sensing assembly 10 is shoWn. Like parts 
of the seat restraint buckle and tension sensing assembly 10 
have like reference numerals increased by four hundred 
(400). In this embodiment, the seat restraint buckle and 
tension sensing assembly 410 includes the buckle assembly 
426 and the tension sensing assembly 456. The buckle 
assembly 426 includes a rotatable or pivot member 494 
pivotally connected to the housing 428 by suitable means 
such as a pin or axle (not shoWn). The pivot member 494 has 
an extension 498 extending longitudinally to cooperate With 
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the spring 446. The buckle assembly 426 also includes a 
magnetic shield 500 connected to the pivot member 494 to 
shield the Hall effect sensor 470 in an unbuckled position. 
The magnetic shield 500 is made of a metal material, 
preferably a magnetic shielding metal material. The buckle 
assembly 426 includes a sWitch contact 502 connected to the 
housing 428 and a plunger 503 cooperating With the sWitch 
contact 502 and the pivot member 494. It should be appre 
ciated that the electrical circuit (not shoWn) for the seat 
restraint and tension sensing assembly 410 is similar to the 
electrical circuit 371 for the seat restraint and tension 
sensing assembly 310. 

In operation of the seat restraint buckle and tension 
sensing assembly 410, When the latch plate 22 is not latched 
With the buckle assembly 426 as illustrated in FIG. 15, no 
signal is transmitted by the Hall effect sensor 470. The pivot 
member 494 is held in place With the spring 446 and the 
magnetic shield 500 is held in place over the Hall effect 
sensor 470. The electromechanical sWitch formed by the 
sWitch contact 502 and plunger 503 is open and the sWitch 
load shunts across the Hall effect sensor 470, effectively 
eliminating it from the circuit. It should be appreciated that 
the actuator 458 of the tension sensing assembly 456 is 
spring loaded to an initial position by the springs 466. 
When the occupant buckles the seat restraint system 12, 

the latch plate 22 is inserted into the open end 434 of the 
housing 428. The pivot member 494 rotates on the axle and 
compresses the spring 446, removing the magnetic shield 
200 and permitting the magnets 468 in the actuator 458 to 
exert a magnetic ?eld across the Hall effect sensor 470 as 
illustrated in FIG. 16. Also, When the pivot member 494 
rotates, the plunger 503 and sWitch contact 502 make 
contact, closing the sWitch to provide poWer to the Hall 
effect sensor 470. 

When the occupant buckles the seat restraint system 12, 
the tension in the belt Webbing 24 may be loWer than a 
predetermined load required to de?ect the springs 466. In 
this state, the Hall effect sensor 470 and the magnets 468 are 
disposed next to one another, causing the controller to 
determine that a normal or large mass adult is present in the 
seat 18. It should be appreciated that the seat restraint system 
12 is in a loW-tension condition. 

When a child seat (not shoWn) is placed in the seat 18 and 
the seat restraint system 12 is buckled, the seat belt Webbing 
24 is cinched to pull the child seat tightly into the seat 18. 
As the tension is increased in the seat belt Webbing 24, the 
contact force on the actuator 458 increases. The resistive 
force of the springs 466 reacts against the increased tension. 
When the tension in the belt Webbing 24 is higher than the 
predetermined load, the actuator 458 moves as the springs 
466 are compressed, thereby moving the magnets 468 far 
ther aWay from the Hall effect sensors 470 in a pull-pull 
arrangement for a high tension condition. The relative 
distance betWeen the magnets 468 and the Hall effect sensor 
470 changes the output of the Hall effect sensor 470. 
Changes in the output of the Hall effect sensor 470 result in 
corresponding changes of voltage that is transferred to the 
controller, causing the controller to determine that a child 
seat is present in the seat 18. It should be appreciated that an 
audible tone or visual indication may be provided When the 
tension in the belt Webbing 24 is increased above a prede 
termined level. 

The present invention has been described in an illustrative 
manner. It is to be understood that the terminology, Which 
has been used, is intended to be in the nature of Words of 
description rather than of limitation. 
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Many modi?cations and variations of the present inven 
tion are possible in light of the above teachings. Therefore, 
Within the scope of the appended claims, the present inven 
tion may be practiced other than as speci?cally described. 
What is claimed is: 
1. Aseat restraint buckle and tension sensing assembly for 

a seat restraint system in a vehicle comprising: 
a buckle assembly having a housing for receiving a 

portion of a latch plate of the seat restraint system, said 
buckle assembly sensing latching of the latch plate; and 

a tension sensing assembly disposed in said housing and 
cooperating With belt Webbing of the seat restraint 
system for sensing a tension level in the seat restraint 
system Wherein said tension sensing assembly com 
prises a movable actuator attached to the belt Webbing. 

2. Aseat restraint buckle and tension sensing assembly as 
set forth in claim 1 Wherein said tension sensing assembly 
comprises at least one magnet mounted to said actuator and 
at least one Hall effect sensor mounted to said housing, said 
actuator moving said at least one magnet relative to said at 
least one Hall effect sensor to change an output of said at 
least one Hall effect sensor. 

3. Aseat restraint buckle and tension sensing assembly as 
set forth in claim 1 Wherein said tension sensing assembly 
comprises at least one Hall effect sensor mounted to said 
actuator. 

4. Aseat restraint buckle and tension sensing assembly as 
set forth in claim 1 including at least one spring disposed in 
said housing betWeen said actuator and a Wall of said 
housing. 

5. Aseat restraint buckle and tension sensing assembly as 
set forth in claim 1 Wherein said actuator has a ?rst cavity 
at one longitudinal end and a second cavity at a second 
longitudinal end and an aperture extending therethrough and 
spaced longitudinally betWeen said ?rst cavity and said 
second cavity. 

6. Aseat restraint buckle and tension sensing assembly as 
set forth in claim 5 including at least one spring partially 
disposed in said ?rst cavity and at least one magnet disposed 
in said second cavity. 

7. Aseat restraint buckle and tension sensing assembly as 
set forth in claim 1 including a bearing plate disposed 
betWeen said actuator and said housing, said bearing plate 
being ?xed to said housing and said actuator sliding on said 
bearing plate. 

8. Aseat restraint buckle and tension sensing assembly as 
set forth in claim 1 Wherein said housing includes a cavity 
therein and an aperture extending therethrough and commu 
nicating With said cavity to alloW the belt Webbing to pass 
therethrough for attachment to the movable actuator. 

9. Aseat restraint buckle and tension sensing assembly for 
a seat restraint system in a vehicle comprising: 

a buckle assembly having a housing for receiving a 
portion of a latch plate of the seat restraint system, said 
buckle assembly sensing latching of the latch plate, and 

a tension sensing assembly disposed in said housing and 
cooperating With belt Webbing of the seat restraint 
system for sensing a tension level in the seat restraint 
system Wherein said buckle assembly includes a mov 
able latch member having one end contacting said 
housing and extending upWardly to another end, said 
latch member including a latch portion disposed 
betWeen the ends thereof and having a generally arcu 
ate shape. 

10. A seat restraint buckle and tension sensing assembly 
as set forth in claim 9 Wherein said buckle assembly includes 
at least one spring contacting said latch member and said 
housing for urging said latch portion upWardly. 
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11. A seat restraint buckle and tension sensing assembly 

as set forth in claim 10 Wherein said at least one spring is a 
leaf spring. 

12. A seat restraint buckle and tension sensing assembly 
as set forth in claim 9 Wherein said buckle assembly includes 
at least one magnet disposed on said latch portion. 

13. A seat restraint buckle and tension sensing assembly 
as set forth in claim 12 Wherein said buckle assembly 
includes at least one Hall effect sensor ?xed to said housing 
and cooperating With said at least one magnet. 

14. A seat restraint buckle and tension sensing assembly 
as set forth in claim 12 Wherein said buckle assembly 
includes at least one Hall effect sensor mounted to a movable 
actuator in said housing and cooperating With said at least 
one magnet. 

15. A seat restraint buckle and tension sensing assembly 
as set forth in claim 12 Wherein said buckle assembly 
includes at least one Hall effect sensor ?xed to said housing 
and cooperating With said at least one magnet. 

16. A seat restraint buckle and tension sensing assembly 
as set forth in claim 15 including a sWitch contact mounted 
to said housing and a plunger mounted to said slider and 
cooperating With said sWitch contact. 

17. A seat restraint buckle and tension sensing assembly 
as set forth in claim 9 including a movable slider cooperating 
With said latch member and having a ?ange portion extend 
ing longitudinally forWard to hold said latch member in a 
predetermined position. 

18. A seat restraint buckle and tension sensing assembly 
as set forth in claim 17 including at least one spring disposed 
betWeen said slider and a Wall of said housing to urge said 
slider longitudinally forWard toWard said latch member. 

19. A seat restraint buckle and tension sensing assembly 
as set forth in claim 9 Wherein said buckle assembly includes 
a pivot member pivotally connected to said housing and 
having an extension extending therefrom. 

20. A seat restraint buckle and tension sensing assembly 
as set forth in claim 19 Wherein said buckle assembly 
includes at least one spring disposed betWeen said pivot 
member and a Wall of said housing to urge said pivot 
member toWard said latch member. 

21. A seat restraint buckle and tension sensing assembly 
as forth in claim 19 Wherein said buckle assembly includes 
a magnetic shield connected to said extension. 

22. A seat restraint buckle and tension sensing assembly 
as set forth in claim 21 including a sWitch contact mounted 
to said housing and a plunger cooperating With said sWitch 
contact and said pivot member. 

23. A seat restraint buckle and tension sensing assembly 
as set forth in claim 19 Wherein said buckle assembly 
includes a magnetic shield connected to pivot member. 

24. A seat restraint buckle and tension sensing assembly 
for a seat restraint system in a vehicle comprising: 

a buckle assembly having a housing for receiving a 
portion of a latch plate of the seat restraint system, said 
buckle assembly including a movable latch member 
having one end contacting said housing and extending 
upWardly to another end, said latch member including 
a latch portion disposed betWeen the ends thereof and 
having a generally arcuate shape, at least one spring 
contacting said latch member and said housing for 
urging said latch portion upWardly, at least one ?rst 
magnet disposed on said latch portion, and at least one 
?rst Hall effect sensor ?xed to said housing and coop 
erating With said at least one ?rst magnet; and 

a tension sensing assembly disposed in said housing and 
comprising a movable actuator cooperable With the belt 
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Webbing, at least one second magnet mounted to said 
actuator, and at least one second Hall effect sensor 
mounted to said housing, said actuator moving said at 
least one second magnet relative to said at least one 

actuator and at least one Hall effect sensor mounted to 
said actuator, said actuator moving said at least one 
second magnet and said at least one Hall effect sensor 
to change an output of said at least one Hall effect 
sensor for sensing a tension level in the seat restraint 
system. 

14 
27. A seat restraint buckle and tension sensing assembly 

for a seat restraint system in a vehicle comprising: 

a buckle assembly having a housing for receiving a 
portion of a latch plate of the seat restraint system, said 

second Hall effect sensor to change an output of said at 5 buckle assembly including a movable latch member 
least one second Hall effect sensor for sensing a tension - - - - - 

. . having one end contacting said housing and extending 
level in the seat restraint system. . . . 

. . . upWardly to another end, said latch member including 
25. A seat restra1nt buckle and tension sensing assembly . . 

- - - - - _ a latch portion disposed betWeen the ends thereof and 
for a seat restraint system in a vehicle comprising. _ _ 

_ _ _ _ having a generally arcuate shape, at least one spring 
a buckle assembly having a housing for receiving a 10 - - - - 

. . . contacting said latch member and said housing for 
portion of a latch plate of the seat restraint system, said . . . . 

. . urging sa1d latch portion upWardly, a movable sl1der 
buckle assembly including a movable latch member . . . . 

- - - - - cooperating With sa1d latch member and having a ?ange 
having one end contacting said housing and extending _ d1 b1 1, d _ _ h 
upWardly to another end, said latch member including po_mon upWar y’ a mova_ e S 1 er coopefatmg Wlt 
a latch portion disposed betWeen the ends thereof and 15 _Sa1d latch member and havmg a ?ange Pomon exten(_i' 
having a generally arcuate Shape, at least one Spring 1nglong1tud1nally forWard to hold said latch member in 
Contacting Said latch member and Said housing for apredetermined position, and asWitch contact mounted 
urging said latch portion upWardly, a pivot member to Said houslng and a ?lling?r mounted to Said Slider 
pivotally connected to said housing and having an and cooperatlng Wlth Sald SWltCh Contact; and 
eXtenSiOn eXtending therefrOIIl, and a magnetic Shield 20 a tension sensing assembly disposed in said housing and 
Connected to Bald eXtenslon; and comprising a movable actuator cooperable With the belt 

a tension sensing assembly disposed in said housing and Webbing, at least one magnet mounted to said actuator, 
comprisingamovable actuator cooperable With the belt and at least one Hall effect sensor mounted to said 
Webbing, at least one magnet mounted to said actuator, housing, said actuator moving said at least one magnet 
and at least one Hall effect sensor mounted to said 25 relative to said at least one Hall effect sensor to change 
housing, said actuator moving said at least one magnet an output of said at least one Hall effect sensor for 
relative to said at least one Hall effect sensor to change sensing a tension level in the seat restraint system. 
an output of said at least one Hall effect sensor for 28. Aseat restraint buckle and tension sensing assembly 
sensing a tension level in the seat restraint system. for a seat restraint system in a vehicle comprising: 

26. A seat restraint buckle and tension sensing assembly 30 a buckle assembly having a housing for receiving a 
for a Seat restralnt System m a Vehlcle Compnslng? portion of a latch plate of the seat restraint system, said 

a buckle assembly having a housing for receiving a buckle assembly including a movable latch member 
portion of a latch plate of the seat restraint system, said having one end contacting said housing and extending 
buckle assembly including a movable latch member 35 upWardly to another end, said latch member including 
having one end contacting said housing and extending a latch portion disposed betWeen the ends thereof and 
upWardly to another end, said latch member including having a generally arcuate shape, at least one spring 
a latch portion disposed betWeen the ends thereof and contacting said latch member and said housing for 
having a generally arcuate shape, at least one spring urging said latch portion upWardly, a pivot member 
contacting said latch member and said housing for 40 pivotally connected to said housing and having an 
urging said latch portion upWardly, and at least one ?rst extension extending therefrom, a magnetic shield con 
magnet disposed on said latch portion; and nected to pivot member, and a sWitch contact mounted 

a tension sensing assembly disposed in said housing and to _Sa1d houslng and 2} plllnger Cooperatlng Wlth Sald 
comprising a movable actuator cooperable With the belt SWltCh Contact and Bald PWOt member; and 
Webbing, at least one second magnet mounted to said 45 a tension sensing assembly disposed in said housing and 

comprising a movable actuator cooperable With the belt 
Webbing, at least one magnet mounted to said actuator, 
and at least one Hall effect sensor mounted to said 
housing, said actuator moving said at least one magnet. 

* * * * * 


